Introduction {#Sec1}
============

Liraglutide is effective in the treatment of type 2 diabetes, showing both glycemic and extra-glycemic effects, thereby achieving many of the goals of ideal antihyperglycemic therapy \[[@CR1]\]. The main effect is certainly a significant weight reduction, which seems to be independent of glycemic improvement \[[@CR2]\].

In addition, a reduction of cardiovascular (CV) risk was confirmed by large randomized trials \[[@CR3]\], and the beneficial effect of liraglutide on visceral fat adiposity was clearly demonstrated \[[@CR4]\]. The visceral adiposity index (VAI), a valuable indicator of visceral adipose function and insulin sensitivity, has been demonstrated to be an independent predictor of CV diseases and an easy tool for mirroring a condition of cardiometabolic (CM) risk \[[@CR5]\].

This study aimed to evaluate the effectiveness of liraglutide in a real-world setting in reducing a composite index of CV risk \[the Framingham risk score (FRS)\] \[[@CR4]\] and VAI in relation to first-line hypoglycemic treatment from the time of diagnosis of diabetes, which never changed during the entire period before liraglutide addition.

Methods {#Sec2}
=======

In this retrospective study, we extracted data of 395 diabetic outpatients who were given liraglutide with at least 48 months of follow-up. Specifically, we carefully selected data of 135 patients who were treated with just one oral hypoglycemic agent continuously from diagnosis, excluding those whose therapy was modified even for a brief period. Before the 48-month observational period, no patient enrolled needed to have the hypoglycemic therapy modified on the basis of glycemic control (HbA1c levels), and there was good adherence until the last observation. During the 48 months of follow-up, any change in concomitant medications was considered an exclusion criterion. Specifically, 30 patients with a comparable number (14 in group A and 16 in group B) were excluded from the analysis (respectively 12 at 12 months, 6 at 24 months, 9 at 36 months and 3 at 48 months) because of discontinuation of liraglutide, a change in concomitant medications (9.6%), low compliance with treatment (8.8%) or lack of follow-up (3.7%).

The final analysis comprised 105 patients, subdivided into group A \[52 patients, mean age 55 ± 8 years, treated with liraglutide as an add-on therapy to metformin (MET)\] and group B \[53 patients, mean age 58 ± 9 years, treated with liraglutide on as an add-on to insulin secretagogues (SE)\]. Due to the retrospective nature of the study and for the purpose of including all the patients who met the inclusion criteria expressed above, a priori power calculation was not performed.

In most cases, SE as first-line treatment was autonomously prescribed by primary care physicians of patients or as a result of MET severe gastric intolerance after the first 2--3 days and immediately suspended by patient's decision.

The FRS for estimating the 10-year risk for CV events was calculated on the basis of age, sex, total and HDL cholesterol, blood pressure and smoking status \[[@CR6]\].
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All procedures were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. Approval was obtained from the Ethic Committee of the University of Palermo. At the time of hospitalization, an informed consent for the scientific use of the data was obtained from all patients for being included in the study.

Statistical Analysis {#Sec3}
--------------------

The SPSS version 19 (SPSS, Inc.) was used for data analysis. Data were presented as mean  ±  SD or rates and proportions. The normality of distribution of the quantitative variables was assessed using the Kolmogorov-Smirnov test. The differences between the two groups were evaluated with *t*-Student for quantitative variables and *χ* ^2^ for trend for categorical variables. A *p* value \< 0.05 was considered statistically significant.

The statistical significance of the results was also confirmed through the data analysis of the "last observation carried forward" (LOCF) in the initial cohort of 135 patients, also including the latest clinical and biochemical data available at the last observation, corresponding to the time of exclusion from the study, of the 30 patients excluded from the final analysis.

Results {#Sec4}
=======

Patients in group A and B were matched for duration of diabetes (7.5 ± 5.4 vs. 8.6 ± 5.2 years; *p* = 0.305), prevalence of hypertension (42% vs. 43%; *p* = 0.579), smoking status (38.4% vs. 26.4%; *p* = 0.133), previous CV events (17.3% vs. 16.9%; *p* = 0.584), and use of antiplatelet therapy (26% vs. 30%; *p* = 0.315) or statins (27% vs. 20%; *p* = 0.103). Eighty-one percent of patients were taking antihypertensive drugs (angiotensin type 1 receptor blockers in 49 patients, angiotensin-converting enzyme inhibitors in 33 patients, calcium entry blockers in 16 patients, diuretics in 36 patients, beta-blockers in 30 patients), 53% aspirin and 44% statins, without any difference between the two groups. The mean dose of MET administered to patients in group A was 1.5--2.0 g daily. In group B, 25 (47%) patients were taking repaglinide (3.0--4.0 g daily), 20 (38%) gliclazide (240 mg daily) and 8 (15%) glimepiride (4.0 mg daily). Liraglutide was administered at the dose of 1.2 mg during the entire follow-up.

After addition of liraglutide, after 48 months all patients showed a significant reduction in body mass index (*p* \< 0.001 in both groups), waist circumference (*p* \< 0.001 in both groups), systolic (*p* \< 0.001 in group A; *p* = 0.005 in group B) and diastolic blood pressure (*p* \< 0.001 in group A; *p* = 0.007 in group B), HbA1c (*p* \< 0.001 in both groups) and triglycerides (*p* \< 0.001 in group A; *p* = 0.002 in group B), without any significant change in HDL and LDL cholesterol (Table [1](#Tab1){ref-type="table"}).Table 1Clinical and biochemical data of patients grouped according to hypoglycemic treatmentLiraglutide as add-on to metformin (group A) *n* = 52\
Subjects (%)Liraglutide as add-on to insulin secretagogues (group B) *n* = 53\
Subjects (%)Gender Males34 (65)26 (49) Females18 (35)27 (51)Mean ± SDMean ± SD*pp*\**p*\*\**p*\*\*\*Baseline48 monthsBaseline48 monthsBody weight (kg)102.8 ± 23.194.7 ± 19.797.7 ± 15.491.1 ± 14.8\< 0.001\< 0.0010.1920.293Delta body weight (kg)--− 8.1 ± 5.2--− 6.6 ± 5.1------0.271BMI (kg/m^2^)36.3 ± 6.633.8 ± 5.935.9 ± 5.933.6 ± 5.7\< 0.001\< 0.0010.7680.894Delta BMI (kg/m^2^)--− 2.53 ± 1.59--− 2.32 ± 2.05------0.558WC (cm)120 ± 14112 ± 14116 ± 12110 ± 11\< 0.001\< 0.0010.1490.516Delta WC (cm)--− 7.63 ± 4.59--− 7.82 ± 4.94------0.873SBP (mmHg)126 ± 11120 ± 14128 ± 12123 ± 8\< 0.0010.0050.4570.177Delta SBP (mmHg)--− 5.98 ± 1.68--− 4.62 ± 1.15------0.631DBP (mmHg)82 ± 877 ± 681 ± 1077 ± 6\< 0.0010.0070.5180.980Delta DBP (mmHg)--− 5.26 ± 1.84--− 4.05 ± 1.04------0.808HbA1c% (mmol/mol)9.1 ± 1.5 (76)7.1 ± 0.8 (54)8.6 ± 1.3 (70)7.1 ± 0.9 (54)\< 0.001\< 0.0010.1560.785Delta HbA1c (%)--− 1.8 ± 0.9--− 1.3 ± 0.6------0.251HDL cholesterol (mmol/l)1.06 ± 0.301.19 ± 0.231.18 ± 0.301.07 ± 0.230.4680.2080.0630.052Delta HDL cholesterol (mmol/l)--0.11 ± 0.01--− 0.09 ± 0.01------0.058LDL cholesterol (mmol/l)2.47 ± 0.932.36 ± 0.822.51 ± 0.792.42 ± 0.740.2230.2340.8240.687Delta LDL cholesterol (mmol/l)--− 0.11 ± 0.06--− 0.09 ± 0.01------0.831Triglycerides (mmol/l)1.76 ± 0.691.56 ± 0.451.85 ± 0.841.56 ± 0.430.0020.0040.5610.982Delta triglycerides (mmol/l)--− 0.17 ± 0.11--− 0.27 ± 0.16------0.462FRS (%)8.9 ± 8.55.2 ± 4.48.3 ± 7.48.9 ± 6.9\< 0.0010.0770.6730.002Delta FRS (%)--− 3.7 ± 2.8--0.6 ± 0.5------\< 0.001VAI2.84 ± 1.352.42 ± 1.332.82 ± 1.642.65 ± 1.300.0120.0580.9550.628Delta VAI--− 0.42 ± 0.16--− 0.17 ± 0.04------0.513The delta value represents the change in parameters from baseline to 48 months of follow-up*BMI* body mass index, *WC* waist circumference, *SBP* systolic blood pressure, *DBP* diastolic blood pressure, *FRS* Framingham risk score, *VAI* visceral adiposity index*p* difference between 48 months and baseline in group A\**p* difference between 48 months and baseline in group B\*\**p* difference between clinical and biochemical data of two groups of patients at baseline\*\*\**p* difference between clinical and biochemical data of two groups of patients at 48 months

In the whole population, the FRS showed a significant reduction from baseline to 48 months (*p* = 0.002), while, subdividing patients into the two groups, this result was confirmed in group A (*p* \< 0.001) but not in group B (*p* = 0.077). Similarly, the VAI showed a significant reduction in the whole population (*p* = 0.002) and in group A (*p* = 0.012), but not in group B (*p* = 0.058) (Fig. [1](#Fig1){ref-type="fig"}). At 48 months, group A showed a lower FRS (*p* = 0.002) and a higher change in FRS from baseline to 48 months (*p* \< 0.001) than group B, without any difference in other parameters (Table [1](#Tab1){ref-type="table"}).Fig. 1Change in visceral adiposity index (**a**) and Framingham risk score (**b**) during liraglutide treatment in diabetic patients grouped according to concomitant hypoglycemic therapy (blue line: metformin; orange line: insulin secretagogues)

At multivariate analysis, concomitant hypoglycemic therapy proved to be the only variable independently associated with both FRS at 48 months (*β* 0.303; 95% CI 1.480--5.880; *p* = 0.001) and the change in FRS from baseline to 48 months (*β* 0.424; 95% CI 0.239--0.601; *p* \< 0.001) (Table [2](#Tab2){ref-type="table"}).Table 2Baseline variables independently associated with the Framingham risk score (FRS) at 48 months and with the change (delta) of FRS from baseline to 48 months at multivariate analysis (multiple linear regression)Independent variablesDependent variable: FRS at 48 months*β*SE*p*95% CIBMI (kg/m^2^)0.4700.1440.1020.172--0.743WC (cm)0.2960.0680.1520.101--0.370Duration of diabetes (years)0.2040.1020.1260.028--0.434HbA1c (%)− 0.0620.3830.502− 0.819--0.302Triglycerides (mmol/l)0.0190.0180.925− 0.034--0.037VAI0.1650.8220.415− 0.959--2.005Concomitant hypoglycemic therapy0.3031.1090.0010.148--0.580Independent variablesDependent variable: delta FRS (0--48 months)*β*SE*p*95% CIBMI (kg/m^2^)0.0460.1180.761− 0.199--0.271WC (cm)0.0200.0560.897− 0.119--0.104Duration of diabetes (years)0.0580.0840.527− 0.221--0.114HbA1c (%)− 0.1780.3150.107− 0.923--0.418Triglycerides (mmol/l)0.0950.0150.639− 0.036--0.022VAI0.0230.6760.910− 1.419--1.265Concomitant hypoglycemic therapy0.4240.912\< 0.0010.239--0.601*BMI* body mass index, *WC* waist circumference, *VAI* visceral adiposity index

The statistical significance of these results was also confirmed when we performed the LOCF data analysis in the initial cohort of 135 patients (data not shown). No serious adverse or CV events were observed during the follow-up.

Discussion {#Sec5}
==========

This study demonstrates a reduction in both FRS and VAI when liraglutide is added to metformin compared to SE, regardless of duration of disease and other clinical and biochemical parameters.

Liraglutide is known to be effective in reducing common CV risk factors \[[@CR7]--[@CR9]\]. In addition, the effectiveness of liraglutide in reducing leptin levels \[[@CR10]\] and the VAI \[[@CR11]\] has recently been evaluated. In the last few years, many studies have evaluated the capability of the VAI to express the CM risk and a possible adipose tissue dysfunction, in both the general population and diabetic patients \[[@CR12], [@CR13]\].

To date, few studies have been mainly directly aimed at comparing the extra-glycemic effects of liraglutide in relation to previous and concomitant hypoglycemic treatment, especially in the absence of modification of the association therapy starting from diagnosis of diabetes. In this study, although the individual CV risk factors seemed to be improved in the both groups, the FRS proved to be differently influenced by the two treatments, indicating a different role on CV played by liraglutide added to metformin or to SE. Due to the different behaviors of the parameters that affect FRS and VAI, only FRS was significantly different between the two groups at the end of follow-up, showing a reduction of above 40% in the group A and a trend toward an increase, although not significant, in group B. In agreement with these data, it is widely demonstrated that the addition of liraglutide to metformin proves effective in improving several CV risk markers beyond glycemic control \[[@CR14]\]. In our patients, the addition of liraglutide did not significantly change the natural clinical course of patients who took SE, while it significantly modified it when it was added to metformin.

Confirming this datum, in our study the concomitant hypoglycemic treatment was confirmed to be the only variable independently and strongly associated with the FRS at multivariate analysis.

We could hypothesize that the beneficial effect of liraglutide can be counterbalanced by the effects of SE, whereas they are emphasized by association with MET. These data are in agreement with a previous large retrospective observational study, which showed that the probability of reaching good glycemic control was significantly higher in patients previously treated with metformin alone and without any previous insulin, reinforcing the hypothesis that better results with liraglutide could be achieved in patients previously treated with metformin \[[@CR15]\].

The potential mechanism of these different outcomes in the two groups is not fully clear, although it has been widely demonstrated that sulphonylurea and MET may differentially affect the CV risk in diabetic patients \[[@CR16]--[@CR18]\]. A hypothesis might be that sulphonylurea can progressively cause β-cell failure by reducing the efficacy of liraglutide \[[@CR19]\].

It should be noted that the FRS is a tool for CV risk assessment in the general population with or without diabetes \[[@CR6]\], so its application in a diabetic population could potentially represent a bias. Indeed, in the FRS glycemic control and duration of diabetes are not included, although these variables are important predictors of CV risk. In this study, neither glycemic control nor duration of disease may have played a role, as they were similar in the two groups, and the efficacy of liraglutide therapy in reducing HbA1c levels was similar in the two groups. Therefore, in this specific case the change in FRS may be considered an extra-glycemic effect of liraglutide. In addition, by multivariate analysis we demonstrated that the specific parameters of diabetes do not have any significant influence on the outcome of the study (FRS at 48 months and delta FRS from baseline to 48 months). Of course, the diabetic population of our study possesses a higher well-recognized CV risk with respect to the general population. However, the aim of this study was not to cross-sectionally evaluate the CV risk in the diabetic population, obviously different from non-diabetic subjects, but to observe the effect of two different hypoglycemic treatments on longitudinal FRS modification.

A potential limitation of this study is the small size of the sample of diabetic patients in whom a priori power calculation was not performed because of the retrospective nature of the study. In this regard, we decided to rigorously select patients according to unchanged hypoglycemic treatment to have more reliable results and avoid interference with the outcomes of the study. Here, we show the results of a smaller but homogeneous diabetic population followed in a real-life setting, although certainly our data need to be confirmed in a larger series of patients.

In conclusion, our preliminary data extracted from real-life clinical practice suggest that liraglutide as an add-on therapy to metformin during a follow-up of 48 months is more efficient in reducing the FRS compared with addition to SE, regardless of the improvement in glycemic control and VAI.
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